The objective of the present study was to examine the relationship between markers of inflammation, such as high-sensitivity C-reactive protein (hsCRP) and erythrocyte sedimentation rate (ESR), and brachial-ankle pulse wave velocity (baPWV), an indicator of arterial stiffness, in Japanese men.
damage 4, 5) but also a prognostic predictor. [6] [7] [8] Recently, an instrument measuring brachial-ankle PWV (baPWV) using a volume-rendering method was developed and has been widely used in clinical research. [9] [10] [11] [12] The validity, reliability, and reproducibility of this instrument have been confirmed by previous studies. 9, 10) Recent accumulated data have shown that baPWV is as useful as carotid-femoral PWV. [9] [10] [11] [12] PWV has been shown to be associated with traditional risk factors, such as age, hypertension and diabetes mellitus. 11, 13) Besides these traditional risk factors, chronic inflammation of the cardiovascular system may also affect PWV. To date, a considerable amount of experimental and clinical evidence concerning the important role of the inflammation process in the pathogenesis of atherosclerosis has been accumulating. 14, 15) Of the markers of inflammation, high-sensitivity Creactive protein (hsCRP) seems to have the most consistent relations to the risk of cardiovascular diseases in a variety of clinical settings including healthy subjects, selected high-risk subjects with traditional risk factors, and patients with cardiovascular diseases. 16) In addition, the erythrocyte sedimentation rate (ESR) is a simple, inexpensive, and widely used laboratory test. Recently, ESR in the normal range is reported to be a long-term independent predictor of coronary heart disease in both men and women. 17) However, thus far, no study has assessed the relationship between ESR and PWV.
In the present study, we examined the relationship between markers of inflammation, such as serum hsCRP and ESR, and baPWV in Japanese men.
METHODS
Subjects: A total of 346 Japanese male subjects aged 23-77 years who entered the 2-day hospitalized health check-up program of Dokkyo University Hospital between December 2003 and September 2004 were included in this study. They are residents of a suburban area located 100 km north of Tokyo. The program included the taking of a full medical history and physical examinations, urinalysis, a stool examination, blood cell counts, blood chemistry, serological tests for hepatitis viruses, a chest roentgenogram, an electrocardiogram, respiratory function tests, an alimentary examination of the upper gastrointestinal tract, and abdominal ultrasonography. Smoking status (current, past, or nonsmoker), drinking status (current, past, or nondrinker), and history of diseases requiring medical treatment were recorded by the subjects in a questionnaire filled in at the time of the health examination. Only male subjects were enrolled because nearly 70% of the participants in the health check-up program of Dokkyo University Hospital are males. Subjects using antihypertensive agents, antidiabetic agents, or lipid lowering agents (n = 72) were excluded from the study. In addition, subjects with Vol 47 No 3 clinically high levels of serum hsCRP exceeding 10 mg/L (n = 5) were excluded from the study due to a suspected infection or inflammatory disorder. No subject had an ESR higher than 50 mm/h. The final study group consisted of 269 subjects. These subjects did not have any inflammatory disorders based on the comprehensive checkup. In addition, they had a normal ankle/brachial pressure index (ABI), as determined by Form/ABI (ABI > 0.9; Colin Co. Ltd., Komaki, Japan).
The study protocol was designed in accordance with the recommendations of the World Medical Association for biomedical research involving human subjects (Somerset West version, 1996) . The Institutional Committee of Dokkyo University School of Medicine approved the study and written informed consent was obtained from each subject. Laboratory measurements: Antecubital venous blood was collected into a plain tube and a tube containing EDTA (1 mg/mL) in the morning after an overnight fast and abstinence from tobacco, alcohol, tea and/or coffee. The samples were then centrifuged at 4°C and stored at −80°C until assay. Routine laboratory tests, including blood cell counts and blood chemistry, were performed using automatic analyzers. Whole blood was used to assess the ESR. Low-density lipoprotein (LDL) cholesterol was calculated using Friedewald's formula.
Serum levels of CRP were measured by a highly sensitive sandwich ELISA technique using anti-human-CRP goat antibody (first antibody) and rabbit antibody (second antibody) and anti-rabbit-IgG goat IgG conjugated with horse radish peroxidase (third antibody). Details of the procedure are described elsewhere.
18) The sensitivity of the assay was 0.2 µg/L and the inter-and intraassay variations were 2.5 and 5.0%, respectively. Measurement of pulse wave velocity: baPWV was measured using a volumeplethysmographic apparatus (Form/ABI, Colin, Co. Ltd.). Measurements obtained with this apparatus have been shown to have good reproducibility and to be highly correlated with aortic PWV obtained using a catheter-tipped manometer. 9) Details of the methodology are described elsewhere. 9) Briefly, after 15 minutes of rest, the subjects were examined while resting in the supine position. Waveform data were obtained from a volume plethysmographic sensor in cuffs on both brachiums and both ankles, and time intervals (T) between the wave front of the brachiums and that of the ankles were calculated. The distance (L) between the heart and sampling points was calculated automatically according to the subject's height. baPWV was calculated using the following formula: baPWV=L/T (L=L a -L b , where L a is the path length from the heart to ankle, and L b is the path length from the heart to brachium). In the present study, the measurement of baPWV was performed on a different occasion from the blood collection so that the participant would be mentally relaxed. Heart rate and systolic and diastolic blood pressures were measured at the same time by this apparatus. Pulse pressure was calculated as the difference between systolic and diastolic blood pressures. Mean blood pressure was calculated as diastolic blood pressure + pulse pressure/3. Statistical analysis: All values are expressed as the mean ± SD. The mean of the right and left baPWV were used during analysis because there was a strong significant correlation between right and left baPWV (r = 0.92, P < 0.0001). We also used the mean of the right and left brachial systolic, diastolic, and mean blood pressures, because there was a strong significant correlation between these parameters (r = 0.94, P < 0.0001 for systolic r = 0.94, P < 0.0001 for diastolic and r = 0.95, P < 0.0001 for mean). The distributions of hsCRP, ESR, and serum triglycerides were markedly skewed to the left, so a natural logarithmic transformation (ln) was used. Linear regression analysis was performed to determine the correlation between 2 variables. In linear regression analysis, smoking and drinking status were dealt with as continuous variables, ie, current = 1, past = 2, or 
Past Never 53 ± 9 168 ± 6 69 ± 10 24 ± 3 124 ± 14 75 ± 9 94 ± 12 67 ± 12 63 ± 9 1367 ± 187 5.9 ± 1.6 152 ± 11 7.0 ± 6.8 352 ± 68 71 ± 11 5.1 ± 0.9 3.0 ± 0.7 1.3 ± 0.3 1.6 ± 1.0 5.5 ± 0.9 0.80 ± baPWV indicates brachial-ankle pulse wave velocity; ESR, erythrocyte sedimentation rate; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol, HDL-C, high-density lipoprotein cholesterol; and hsCRP, high-sensitivity C-reactive protein.
Vol 47 No 3 never = 3. Multiple regression analysis was performed to determine the interaction and independent variables for baPWV. One-way ANOVA with Scheffe's adjustment was used for group comparison. Values of P < 0.05 were considered significant.
RESULTS
The clinical characteristics of the study subjects are listed in Table I . The mean age of the subjects was 53 ± 9 years. The mean ESR and mean serum hsCRP were 7.0 ± 6.8 mm/h and 0.80 ± 1.12 mg/L, respectively.
In linear regression analysis, baPWV was positively associated with age, systolic, diastolic, and mean blood pressures, pulse pressure, heart rate, ln (ESR), fasting blood glucose, and ln (serum hsCRP) (Table II) . Figure 1 illustrates the positive relationship between ln (hsCRP) and baPWV. baPWV was negatively associated with height and body weight. In addition, ln (ESR) was positively associated with age (r = 0.41, P < 0.0001), pulse pressure (r = 0.13, P = 0.03), ln (serum hsCRP) (r = 0.26, P < 0.0001), and smoking habits (r = 0.24, P = 0.0001). ln (ESR) was negatively associated with white blood cell count (r = −0.26, P < 0.0001), hemoglobin (r = −0.57, P < 0.0001), and serum high-density lipoprotein (HDL) cholesterol (r = −0.13, P = 0.04). Moreover, ln (serum hsCRP) was positively associated with age (r = 0.21, P = 0.0006), body weight (r = 0.23, P = 0.0001), body mass index (r = 0.28, P < 0.0001), systolic blood pressure (r = 0.15, P = 0.01), diastolic blood pressure (r = 0.22, P = 0.0003), mean blood pressure (r = 0.19, P = 0.002), heart rate (r = 0.20, P = 0.0009), white blood cell count (r = 0.18, P = 0.004), serum uric acid (r = 0.16, P = 0.008), and ln (serum triglycerides) (r = 0.19, P = 0.002). ln (serum hsCRP) was negatively associated with serum HDL-cholesterol (r = −0.28, P < 0.0001). Figure 2 shows the mean values of baPWV in subjects distributed by their values of ESR (left panel) and serum hsCRP (right panel). The tertile ranges of ESR were 1-3, 4-6, and 7-47 mm/h, while those of serum hsCRP were 0.050-0.316, 0.325-0.697, and 0.702-9.640 mg/L. BaPWV in the highest tertile of ESR was significantly higher than that in the lowest tertile of ESR (P = 0.005). baPWV in the highest tertile of serum hsCRP was significantly higher than those in the lowest tertile of serum hsCRP (P = 0.002) and in the middle tertile of serum hsCRP (P = 0.02). Mean blood pressure and pulse pressure were used in multiple regression analysis. In multiple regression analysis, ln (ESR) or ln (serum hsCRP) was used separately. In multiple regression analysis using ln (ESR) as an inflammatory marker (model 1), age, body weight, mean blood pressure, pulse pressure, and heart rate remained as factors showing independent correlation with baPWV (Table III) . In multiple regression analysis using ln (serum hsCRP) as an inflammatory marker (model 2), age, body weight, mean blood pressure, pulse pressure, heart rate, and ln (hsCRP) remained as factors showing independent correlation with baPWV (Table III) .
DISCUSSION
hsCRP is an independent predictor of myocardial infarction, stroke, and vascular death in a variety of clinical settings. 19, 20) According to a recent investigation, hsCRP predicts cardiovascular events more accurately than LDL cholesterol. 19) Many studies have demonstrated that CRP is not only a predictor of atherosclerotic events, but is also involved in the pathogenesis of the atherosclerotic process, both directly and indirectly. 16) To date, only a few studies have evaluated the relationship between serum or plasma levels of hsCRP and PWV. Recently, Okamura, et al 21) investigated the relation of baPWV with serum levels of hsCRP in Japanese middle-aged male workers using the same instrument as ours, and found that serum CRP levels were associated with an elevation of baPWV in addition to age, systolic blood pressure, and heart rate. However, their study population (n = 178) was smaller than ours, and subjects using antihypertensive drugs (9.0%), antidiabetic drugs (2.2%), or lipid lowering drugs (2.2%) were included in their study. Tomiyama, et al 12) also evaluated the association between baPWV and plasma hsCRP in a larger study population of 2,668 Japanese men among subjects who underwent annual physical check-ups using the same instrument as ours. In their study, multiple regression analysis failed to demonstrate a significant relationship between the logarithm of hsCRP and baPWV, although the concentration of hsCRP in the highest quartile of PWV was higher than that in the other 3 groups. Subjects on antihypertensive, antidiabetic, or lipid lowering treatment were also included in their study. Since these drugs are believed to affect PWV and serum levels of hsCRP, 22, 23) subjects using these medications were excluded from the present study.
More recently, Mattace-Raso, et al 24) reported that the adjusted mean values of PWV were significantly different across the tertiles of hsCRP, with a higher tertile being associated with higher values of hsCRP, within the framework of the Rotterdam Study, a population-based cohort study including subjects aged 55 Vol 47 No 3 years or older. Moreover, Yasmin, et al 25) found that, after controlling for other confounding factors, aortic and brachial PWV were both associated with serum levels of hsCRP in 427 healthy subjects across a wide age range. Our study confirms these earlier observations in Japanese men. It is concluded that subjects with higher serum hsCRP values could represent a group with increased arterial stiffness and presumably a group with an increased risk for developing cardiovascular events.
Concerning the mechanisms of a significant relationship between hsCRP and baPWV, we cannot conclude whether inflammation is a pathogenesis of atherosclerosis or if it reflects the degree of atherosclerotic vascular damage. Several studies have shown that increased levels of inflammation markers, particularly CRP, are associated with endothelial dysfunction, 24, 26) and the inflammation reaction is known to inhibit endothelium-dependent vasodilatation.
27) It is likely that impaired endothelial function changes the mechanical properties of the vessel walls leading to increased arterial stiffness. 28) On the contrary, it could also be speculated that arterial stiffness affects CRP levels. For example, elevation of pulse pressure, which reflects an increase in the stiffness of the large arteries, inhibits acetylcholine-induced endothelium-dependent relaxation by generating reactive oxygen species, 29) which may stimulate inflammatory pathways. 30) ESR is an appropriate and established test for monitoring chronic inflammatory responses. Like CRP, ESR might be a valuable tool for assessing the strength of the inflammatory response associated with atherosclerosis, and might conceivably provide important short-and long-term prognostic information. For example, the Stockholm Prospective Study found ESR to be an independent risk factor for myocardial infarction.
31) The First National Health and Nutrition Examination Survey in the United States 32) also showed that men aged 45-74 years with an ESR in the upper quintile at baseline had an increased incidence of coronary heart disease compared with those with an ESR in the lowest quintile, and furthermore, almost twice the risk of death due to coronary heart disease. Erikssen, et al 33) determined ESR in 2,014 apparently healthy men aged 40-60 years during an extensive cardiovascular survey in 1972-75, and repeated the test in an identical follow-up examination 7 years later. They found that ESR was a strong short-and long-term predictor of coronary heart disease mortality, particularly in men who had developed angina pectoris and/or had a positive exercise electrocardiogram test at the second survey. Recently, in an observational cohort study, Natali, et al 34) found that ESR was an independent correlate of coronary atherosclerosis, and in male patients with probable coronary heart disease, a predictor of cardiac death. More recently, the relation between ESR and risk of developing coronary heart disease was assessed in a large cohort of 16,673 men and women without a history of myocardial infarction who participated in the Reykjavik Study. 17) This prospective population study showed that ESR independently predicted the risk of developing coronary heart disease in men and women and was associated with approximately half of the increase in risk compared with cholesterol.
To the best of our knowledge, this is the first study to assess the relationship between ESR and PWV. Although baPWV showed a significant relationship with both ln (serum hsCRP) and ln (ESR) in linear regression analysis, the value of the linear regression coefficient was somewhat smaller for the ln (ESR) (0.21) than for ln (hsCRP) (0.23). Although baPWV in the highest tertile of ESR was significantly higher than that in the lowest tertile of ESR, ln (ESR) failed to show a significant association with baPWV independently of other clinical variables. This finding seems to be in agreement with a recent report. In the Reykjavik Study mentioned above, further research revealed that the odds ratios for coronary heart disease were somewhat weaker for ESR (1.30; 95% confidence interval, 1.13 to 1.51) than for hsCRP (1.45; 95% confidence interval, 1.25 to 1.68). 35) Taking these together, ESR is thought to be a less sensitive marker of inflammation than hsCRP.
Although both smoking and dyslipidemia are established risk factors for atherosclerosis and coronary heart disease, we did not find a significant relationship between baPWV and smoking habits, or parameters of lipid metabolism such as total cholesterol, LDL cholesterol, HDL cholesterol, or triglycerides. With regard to smoking habits, the prevalence of current smokers in the current study was lower than that in the general Japanese population. The study participants are supposedly interested in their state of health because they voluntarily applied to the health check-up program of our university. Concerning the lack of relationship between baPWV and parameters of lipid metabolism, most previous studies failed to show correlations between carotid-femoral PWV and blood lipid parameters. 21) Although one large study using baPWV measurements in 12,517 subjects showed significant correlations between lipid factors and baPWV, 11) the linear regression coefficients for total cholesterol, HDL-cholesterol, and triglycerides in males were much smaller (0.03-0.15) than those of age (0.50), systolic blood pressure (0.61), and diastolic blood pressure (0.61). Some studies have also shown that arterial stiffness measured by carotid-femoral PWV reflects the sclerotic rather than atherotic component of atherosclerosis. 21, 36) These findings suggest that the influence of lipid parameters on PWV is weak.
In conclusion, baPWV was significantly associated with serum levels of hsCRP independently of other clinical variables in Japanese men, suggesting that inflammation is involved in arterial stiffening. Although baPWV was significantly associated with ESR in linear regression analysis, ESR may be a less sensitive marker of inflammation than serum hsCRP.
